Abstract. Cluster of differentiation 14 (CD14) protein functions as a co-receptor with either the Toll-like receptor TLR4 or MD-2 in the detection of bacterial lipopolysaccharide (LPS) and plays a role in the innate immune system. Recently, it was shown to have effects on the regulation of epithelial-mesenchymal transition (EMT). Thus, the present study investigated the effects of CD14 knockdown on the regulation of gastric cancer cell EMT and invasive capacity following treatment with or without LPS. Knockdown of CD14 expression using CD14 shRNA in MGC-803 cells significantly enhanced E-cadherin expression, but reduced N-cadherin and vimentin expression in both LPS-treated and untreated cells. Morphologically, the phenotype of LPS-treated CD14-knockdown cells was altered to a sporadic long spindle shape. Moreover, TNF-α-treated cells were further elongated, connections between cells were reduced, the gap between the cells was increased and the cells were transformed into mesenchymal cells. Furthermore, the invasive capacity of CD14-knockdown cells was significantly lower compared to that of the negative control shRNA-transfected MGC-803 cells. LPS-treated CD14-knockdown cells had significantly lower levels of tumor cell invasive ability when compared to the LPS-treated parental MGC-803 cells. However, addition of TNF-α to LPS-treated CD14-knockdown cells significantly increased tumor cell invasion. This study demonstrated that CD14 promoted tumor cell EMT and invasion through TNF-α, whereas knockdown of CD14 expression inhibited gastric cancer cell invasion and EMT.
Introduction
Gastric cancer is a significant worldwide health issue, accounting for approximately one million new cases and more than 700,000 cancer-related deaths in 2008 (1) . The majority of gastric cancer cases occurs in developing countries, and these regional variations may in part reflect differences in dietary patterns and the prevalence of Helicobacter pylori infection (2) . Gastric cancer progression during the late stages significantly contributes to treatment failure, similar to most other cancers. Previous studies have shown that cancer cells obtain an interstitial cell phenotype and characteristics associated with invasive capacity via epithelial-mesenchymal transition (EMT), leading to invasion into surrounding tissues or distant organs (cancer metastasis) (3) . However, to date, it remains to be defined how gastric cancer cells acquire EMT and malignant transformation. Thus, research on this topic could provide novel targets for gastric cancer treatment and prevention.
Helicobacter pylori infection plays a significant role in gastric cancer development and progression (4), while cluster of differentiation 14 (CD14) functions as a co-receptor with either Toll-like receptor TLR4 or MD-2 in the detection of bacterial lipopolysaccharide (LPS) and plays a role in the innate immune system (5, 6) . Another study showed that LPS, the main component of Gram-negative bacteria endotoxin, is able to induce EMT of cancer cells (7) . Specifically, membrane CD14, together with TLR4, binds to LPS and transmits signals into the nucleus, activating the release of a series of cytokines (8, 9) , which may promote gastric carcinogenesis. For example, a previous study found that certain polymorphisms of the CD14 gene promoter region are associated with the susceptibility to gastric cancer, which could be due to alterations in CD14 expression (10) .
CD14 also affects the apoptosis of cancer cells and regulates cell cycle distribution through nuclear transcription factors (11, 12) . These data clearly indicate that CD14 plays a role in gastric carcinogenesis; however, the underlying mechanisms remain to be determined. Thus, in the present study we aimed to ascertain whether CD14 affects gastric cancer cell EMT and invasion using shRNA technology and the underlying mechanisms responsible for CD14-mediated tumor cell EMT and invasion. These studies could provide experimental evidence for future treatment and prognosis of gastric cancer. Table I and were synthesized by Sangon Company (Shanghai, China). PCR conditions were set at an initial 95˚C for 5 min, followed by 30 cycles of 95˚C for 20 sec, 58˚C for 20 sec, and 72˚C for 30 sec, and a final extension at 72˚C for 5 min. The PCR products were then separated using electrophoresis on a 1.5% agarose gel. β-actin mRNA was used as an internal control for semi-quantitative analyses of target genes.
Materials and methods

Cell
Protein extraction and western blotting. Total cellular protein was extracted from the cells in RIPA lysis buffer, and the protein concentration was quantified using the BCA method. Protein lysis containing 40 µg protein was separated using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto PVDF membranes (Millipore, Bedford, MA, USA). The membranes were then incubated with 5% skim milk solution in phosphate-buffered saline (PBS) for 50 min and then with the primary antibody (i.e., CD14 at a dilution of 1:500; TNF-α at 1:1,000; TGF-β1 at 1:500; E-cadherin at 1:800; N-cadherin at 1:1,000; vimentin at 1:600) at 4˚C overnight. Anti-TNF-α antibody was purchased from R&D Systems (Minneapolis, MN, USA), anti-CD14, antivimentin and anti-TGF-β1 antibodies were from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA), and anti-TNF-α, anti-E-cadherin and anti-N-cadherin antibodies were obtained from Abcam (Cambridge, MA, USA). On the following day, the membranes were washed with PBS/Tween-20 and then incubated with a secondary antibody at a dilution of 1:4,000 for 45 min at 37˚C. Following washing with PBS-Tween-20 in triplicate, the membranes were incubated with enhanced chemiluminescence (ECL) substrate for visualizing the positive protein bands following expose to X-ray film. The membranes were then stripped and re-blotted with anti-β-actin antibody as the internal control.
Construction of the CD14 shRNA vector and gene transfection.
In the present study, we designed 4 siRNA primers to knockdown CD14 expression and 1 unrelated interference sequence according to a previously published method (13), while GAPDH interference sequences were used as the positive control. These DNA sequences were synthesized by GenePharma (Shanghai, China) and were used for transfection into MGC-803 cells. The interference efficiency was measured 48 h following transfection using western blotting (data not shown). The CD14 siRNA with the highest interference efficiency was selected for expression vector construction, i.e., the DNA sequences (5'-GGTACTGAGCATTGCCCAA-3') were located at 898 nucleotides of CD14 mRNA (NM_000591) and used for vector construction. The corresponding sense and antisense oligonucleotides were: 5'-GATCCCCGGTACTG AGCATTGCCCAATTCAAGAGATTGGGCAATGCTCA GTACCTTTTT-3' and 5'-AGCTAAAAAGGTACTGAG CATTGCCCAATCTCTTGAATTGGGCAATGCTCAGTA CCGGG-3', respe ctively. These 2 oligonucleotides were digested with BamHI and HindIII (Takara, Dalian, China) and Table I . PCR primers used in the present study.
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CD14, cluster of differentiation 14. then annealed and ligated into pGCsi-H1/Neo (GenePharma). Following amplification and DNA sequencing, this vector plus negative control vectors were used for the subsequent experiments. To knockdown CD14 expression, gastric cancer MGC-803 cells were seeded onto 6-well plates with RPMI-1640 media containing 10% FBS and grown overnight to reach 80-90% confluence. On the following day, cells were transfected with CD14 shRNA and negative control plasmids, using Lipofecta mine 2000 (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. After 5 h of transfection, the media were replaced with RPMI-1640 media containing 20% FBS. Transfection efficiency was then determined 48 h later using a fluorescence microscope. The cells were further cultured in a complete media containing 800 µg/ml G418 (Invitrogen Life Technologies) and the media were replaced every 2-3 days for 2 weeks. G418 concentration was reduced to 400 µg/ml. Once the cells had a strong expression of green fluorescence, the cells were expanded and then used for the experiments.
Lipopolysaccharides and TNF-α treatment. The stable CD14-knockdown and negative control cells were cultured routinely in RPMI-1640 media containing 10% FBS, 100 U/ml penicillin, 100 mg/l streptomycin and 400 µg/ml G418. Cells at a logarithmic growth phase were then treated with lipopolysaccharides (LPS at 1 µg/ml) for 4 h. The cells were grouped for the following experiments. The treatment groups were as follows: control cells, sh-CD14-alone cells, LPS-alone cells, LPS + sh-CD14 cells, LPS + sh-CD14 + TNF-α cells.
Tumor cell Transwell invasion assay.
To determine the effects of CD14 knockdown on the invasive ability of the cells with or without LPS treatment, we inoculated cells (2x10 5 /well) into the upper chamber of Transwell plates (Corning Incorporated, Corning, NY, USA) coated with Matrigel (BD Biosciences, San Jose, CA, USA). In the lower chamber, RPMI-1640 medium containing 10% FBS was added, and the cells were cultured for 48 h. The cells remaining on the surface of the upper chamber were removed using cotton swaps, and the cells that had invaded onto the bottom surface were fixed with 40 ml/l formaldehyde for 15 min and stained with hematoxylin for 2 min. The cells were evaluated and counted under a light microscope. Five fields were chosen for each well, and the numbers of invaded cells were recorded.
Statistical analyses. Statistical analyses were performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The experimental data are expressed as means ± SD. The Student's t-test was used for comparison between 2 groups. P<0.05 was considered to indicate a statistically significant result.
Results
Expression of CD14 in gastric cancer cell lines.
In the present study, we assessed CD14 expression in the different gastric cancer cell lines using semi-quantitative RT-PCR and western blotting. We found that the highest levels of CD14 mRNA and protein were detected in MGC-803 cells, followed by MKN-28 and BGC-823, whereas SGC-7901 had the lowest levels of CD14 mRNA and protein (Fig. 1A) . Thus, we selected the MGC-803 cell line for subsequent CD14-knockdown experiments.
Establishment of stable CD14-knockdown cells.
To assess the role of CD14 protein in gastric cancer, we used CD14 shRNA to knockdown CD14 expression in the MGC-803 gastric cancer cell line and negative control shRNA was used as a control. Following 48 h of gene transfection, green fluorescent-positive cells were identified as CD14-shRNA. After 4 weeks of G418 selection, 90% of the cells produced green fluorescence, indicating that cells achieved stable transfection of CD14-shRNA. Expression of CD14 at the mRNA and protein levels was then detected in the stable cells, and the data showed that the levels were reduced by 72 and 63%, respectively, when compared to the control cells (Fig. 1B) .
Changes in cell morphology following CD14 knockdown.
Parental MGC-803 cells exhibited prismatic or polygonal morphology with adherent growth ( Fig. 2A-a) , while stable CD14-knockdown cells did not show significant changes in morphology ( Fig. 2A-b) . Moreover, previous studies have demonstrated that LPS can bind to CD14 and promote TNF-α expression in cells, which in turn increases TGF expression and induces tumor cells to EMT (14, 15) . Therefore, we treated these CD14-knockdown cells with LPS for 4 h and found that these cells were altered to a sporadic long spindle shape ( Fig. 2A-c and -d ) when compared to the parental or negative control vector-transfected cells. In addition, TNF-α treated cells were further elongated, connections between cells were reduced, the gap between the cells was increased, and the cells were transformed into mesenchymal cells when compared to the LPS + sh-CD14 cells ( Fig. 2A-e) .
Effects of CD14 knockdown on regulation of LPS-induced EMT in gastric cancer cells.
We further confirmed the effects of CD14 knockdown on gastric cancer cells. We found that CD14 knockdown increased expression of E-cadherin protein (P<0.05), but reduced expression of N-cadherin and vimentin proteins (P<0.05). Since LPS was able to activate CD14 protein, we treated these cells with LPS for 4 h and found that LPS treatment of parental MGC-803 cells significantly reduced E-cadherin expression (P<0.01), whereas N-cadherin and vimentin expression were significantly increased (P<0.01) compared to the untreated cells, indicating that LPS promotes EMT in gastric cancer cells. However, in the stable CD14-knockdown cells, LPS treatment significantly increased E-cadherin expression (P<0.05), while N-cadherin and vimentin expression was significantly reduced (P<0.05) compared to the cells treated with LPS only, indicating that in the event of lack of CD14 expression, LPS treatment does not induce EMT (Fig. 3A-F) . 
Effect of CD14 knockdown on expression of TNF-α and TGF-β.
We determined the effects of CD14 knockdown on expression of TNF-α and TGF-β. Compared to LPS-treated parental MGC-803 cells, expression of TNF-α and TGF-β in the LPS-treated CD14-knockdown cells was significantly reduced (P<0.05). Moreover, expression of TNF-α and TGF-β was significantly higher in the LPS and TNF-α-treated CD14-knockdown cells than that of the LPS-treated parental shRNA-transfected cells (Fig. 3G-J) .
Effect of CD14 knockdown on the regulation of gastric cancer cell EMT through TNF-α. LPS treatment of the CD14 knockdown MGC-803 cells resulted in a higher expression of E-cadherin and lower expression of N-cadherin and vimentin when compared to the LPS-treated negative control shRNA-transfected cells (Fig. 4) . However, TNF-α treatment of these cells significantly reduced E-cadherin expression and increased expression of N-cadherin and vimentin compared to LPS-treated CD14-knockdown MGC-803 cells (Fig. 4) .
Effect of CD14 knockdown on the regulation of gastric cancer cell invasion.
Tumor cell EMT usually results in cell migration and invasion. Therefore, we assessed tumor cell invasion capacity following CD14 knockdown and LPS treatment. Indeed, the invasive capacity of CD14-knockdown cells was significantly lower than that of the negative control shRNAtransfected MGC-803 cells (P<0.01; Fig. 2B-a and -b) . LPS-treated parental MGC-803 cells had significantly higher invasive capacity than that of the control cells without LPS treatment (P<0.05; Fig. 2B-c) , whereas LPS-treated CD14-knockdown cells showed significantly lower levels of tumor cell invasion than that of the LPS-treated parental MGC-803 cells (P<0.01; Fig. 2B-d) . Nevertheless, addition of TNF-α to LPS-treated CD14-knockdown cells significantly increased invasion (P<0.01; Fig. 2B-e) . These results indicate that CD14 can facilitate cancer cell invasion via upregulation of TNF-α.
Discussion
Cancer invasion and metastases contribute to advanced stage disease and increased cancer-related deaths. Molecularly, they are the consequence of multiple factorial interactions. For cancer metastases, induced tumor cell migration and invasion through cell connection disruption are essential steps. Although EMT is a normal physiological process during embryonic development and organ formation or even during fibrosis, induction of tumor cell EMT can cause tumor migration, invasion and distant metastasis (16) . Molecularly, E-cadherin plays an important role in maintenance of epithelial cell polarity and tight junctions between cells. Reduction in E-cadherin expression may promote EMT. In contrast to E-cadherin, N-cadherin is commonly found in cancer cells and provides a mechanism for transendothelial migration; thus promoting tumor cell invasion and metastasis (17) . A previous study hypothesized that conversion of E-cadherin to N-cadherin leads to EMT (18) . Moreover, vimentin is a marker of mesenchymal cells and is normally expressed at a low level or is absent in epithelial cells (19) . However, vimentin is highly expressed in invasive tumor cells or during the EMT process. Therefore, downregulation of E-cadherin or upregulation of N-cadherin and vimentin are considered markers of EMT. In the present study, we found that knockdown of CD14 expression increased E-cadherin expression, but decreased N-cadherin and vimentin expression. Our data indicate that CD14 protein is positively associated with EMT of gastric cancer cells. Further study showed that knockdown of CD14 expression reduced gastric cancer cell invasive capacity, even following LPS treatment.
LPS is the main component of endotoxin in Gram-negative bacteria, e.g., H. pylori infection is a major cause of chronic gastritis and is an initial factor in gastric cancer (20) . In the present study, we found that LPS treatment reduced E-cadherin expression and enhanced N-cadherin and vimentin expression in gastric cancer cells, indicating that LPS promotes EMT of gastric cancer cells. Furthermore, CD14 normally binds to LPS to form a LPS-CD14//TLR4-MD2 complex, which results in the activation NF-κB and other transcriptional factors (21) (22) (23) . However, our present data demonstrated that CD14 knockdown enhanced E-cadherin but reduced N-cadherin and vimentin expression in the LPS-treated cells and in turn inhibited LPS-induced EMT. Thus, the role of CD14 in LPS-induced EMT may play an important role in gastric cancer development and progression.
TNF-α, an important inflammatory factor, was reported to induce EMT and promote tumor cell migration and invasion through stabilization of Snail and the NF-κB pathway (24) . To further clarify the mechanisms of CD14 in promoting EMT of gastric cancer cells, our present data showed that CD14 knockdown significantly reduced TNF-α expression, which was associated with enhanced expression of E-cadherin and decreased expression of N-cadherin and vimentin. Most importantly, CD14 knockdown did not affect expression of E-cadherin, N-cadherin and vimentin in cells treated with TNF-α. These data indicate that TNF-α expression may mediate the effects of CD14 knockdown on inhibition of LPS-induced EMT. Furthermore, TGF-β is a potent EMT-promoting factor in a variety of epithelial and cancer cells (25) . TGF-β inhibits tumor growth and promotes apoptosis in the early stages of tumor development, but during the late stages, cancer cells lose the sensitivity to TGF-β and secrete a large amount of TGF-β, leading to tumor invasion via EMT (26) . Our present data showed that CD14 knockdown significantly reduced TGF-β expression, which suggests that TGF-β participates in CD14-induced gastric cancer cell EMT process. However, further study is needed to verify how these genes are activated by CD14. In addition, although CD14 is a high affinity receptor for LPS, it does not have transmembrane regions and requires the TLR4 to transmit the signals into the nucleus. Previous studies have shown that TLR4-induced liver fibrosis and immune escape of lung cancer cells were mediated by promotion of TGF-β expression (27, 28) . A previous study also demonstrated that supernatant from CD14-overexpressing cells significantly promoted tumor cell invasion (29) . Thus, we suspect that the impact of CD14 on EMT may also be associated with the TLR4 pathway, but we did not provide experimental data to support it, which is a limitation of this study. Expression of CD14 and TLR4 was found to be significantly higher in highly invasive cancer cells (e.g., prostate cancer PC3 cells) than levels in cells with low invasiveness (30) . These data indicate that CD14 needs to work with TLR4 for functionality.
In summary, the present study is a proof-of-principle study to demonstrate the role of CD14 in mediating the EMT and invasion of gastric cancer cells in vitro. Future studies will provide mechanistic data to support the current findings in vitro and in vivo.
